Introduction
Since the invention of the atomic force microscope (AFM), various studies of surface nature have been accomplished. [1] Particularly, a technique has recently been developed using an AFM that allows the analysis of the electrostatic force between a tip and localized charge stored on a dielectric film with nano-Newton force resolution. [2] [3] [4] [5] [6] [7] [8] [9] With regard to the micro particle condensation, the charge exchange between objects is observed as toner particles in photographic copies and printers, and has been implicated in grain elevator explosions. With further refinement, the technique holds promise for being able to image single charges and to locate the charge sites. In this paper, the author describes an approach to studying the condensation control of micro particles due to electrification. As a particle sample, polystyrene latex (PSL) was chosen because of its fundamental relevance in many industrial and printing applications.
Experimental
The silicon oxide layers used in this study were formed on a p-type single crystal Si(100) wafers with resistivity of 10 ©cm. The wafers were cleaned by dipping in the organic solvent accompanying the ultrasonic vibration, then thermally oxidized at 1000℃ for 1h in dry air. The oxide thickness was estimated to be 102 nm by the multi reflection method in visible light region. The lower electrode, the thin Au film of 12 nm thickness was formed by the RF sputtering method. The Au film was deposited by using a RF sputtering system (PDM-303, Samco Co. Ltd.). In the Au film formation, sputtering gas was Ar (99.9%) and matching power was 12.3 W/cm 2 . Sputtering pressure was 6.67 Pa. The purity of target was 99.99 %. Thickness of the Au film was measured by the quartz crystal micro-balance (QCM) method by using film thickness monitor (ANELVA, EVM-32B). Meanwhile, the PSL particles made by Japan Synthetic Rubber Co. Ltd. (STADEX, SC-004-R) were used for the particle condensation experiment. The average diameter of the PSL particles was 42 nm.
The AFM (SPA-300 made by Seiko Instruments Inc.), commercially available version, was used for the electrification and image observation. As the conductive cantilever, a micro Si cantilever with a pyramidal Si tip coated with 12 nm thick Au film was used. The spring constant and mechanical resonant frequency of the conductive cantilever were estimated to be k = 57 N/m and f = 200 kHz, respectively. Deflection of the conductive cantilever was detected using the laser reflection system. 
Results and Discussion
Contact electrification was performed by making a contact and applying a certain voltage, ranging from -10 to +10 V, between an AFM tip and the silicon oxide surface. As shown in Fig.1a , when the conductive cantilever with grounding electrically and the sample surfaces with contact voltage of +10 V were brought into contact during a contact time of 2.5 s, electrified charges Q were stored. Hence, the applying voltage was set to be lower than the threshold voltages of dielectric breakdown for air and the sample surfaces. The electrified charge Q were observed as an electrostatic force induced on the tip apex mounted on the conductive cantilever with measurement voltage of -10 V. In this experimental condition, the condensation surface of the PSL particles of 42 nm diameter was electrified. The electrified charge was imaged by the so-called non-contact mode of the AFM as shown in Fig.1b . After contact electrification, the PSL layer was subsequently withdrawn to a distance 130 nm from the conductive cantilever. The cantilever is mounted on a piezoelectric device and oscillated in 28.3 nm interval at a frequency just above the resonant frequency 200 kHz of the lever. As the tip scans the surface, changes in the tip-to-surface force gradient will alter the effective spring constant of the lever, thereby changing its resonant frequency and its amplitude of oscillation. The all measurements with the AFM tip were conducted in the dry condition of 23.4 ℃ and 3.6 %RH in order to avoid the influence of the adsorbed water layer on the sample surface. Figure 2 shows the AFM images of the PSL condensed surface after electrification with the AFM tip. The surface of the condensed PSL particles is relatively smooth, because the range of topography is 58 nm. Both negative and positive biases of 10 V are applied at the circular, radiant and matrix positions as shown in Fig.2a to 2c, respectively. By the electrification, the black and white regions on the sample surface are negatively and positively charged, respectively. It can be suggested that the Coulomb repulsive interaction would act among the PSL particles.
The author believes that this technique will give useful information to the field of the particle control such as adhesion and removal of micro particles in micro electronic device fabrication, cohesion control of toner particles in the printing devices and so on.
